Adenosine triphosphate-sensitive K + (K ATP ) channels are poorly characterized in the reproductive tract. The present study was designed to evaluate the putative expression of K ATP channel subunits (Kir6.x and SURx) in the epididymis from different mammalian species. Immunohistochemical, Western blot, and RT-PCR techniques were used. A positive immunostaining for Kir6.2 (KCNJ11) and SUR2 (ABCC9) was observed by immunoenzymatic and immunofluorescent approaches in the principal epithelial cells throughout all regions of the rat and mouse epididymis. Double labeling with anti-aquaporin 9 (AQP9) and anti-Kir6.2 (KCNJ11) confirmed their colocalization in the principal cells. No immunostaining could be demonstrated for Kir6
INTRODUCTION
Within the male reproductive tract, the epididymis plays a crucial role in spermatozoa maturation and storage [1, 2] . Posttesticular sperm maturation is indeed necessary to produce fertile and motile spermatozoa that will initiate normal egg development. Understanding this maturation process is essential to reveal prime targets for developing means of restoring and/or controlling male fertility.
The mechanisms by which spermatozoa gain this fertilizing capacity during their passage through the epididymis involve modifications of the lipid and/or protein components of their membrane, including glycosylations, relocalization, or new protein incorporation [3, 4] . These modifications result from interactions between the sperm plasma membrane and the epididymal luminal fluid [5] . The composition of the latter fluid is regulated by two major processes occurring along the epididymal epithelium: fluid and electrolyte transport together with protein secretion [6] .
Adenosine triphosphate-sensitive K þ channels (K ATP channels) are found in a wide variety of cell types [7] [8] [9] [10] [11] [12] , in which they couple intracellular metabolic changes to membrane electrical activity [7] [8] [9] [10] [11] [12] [13] [14] [15] . The physiological role of K ATP channels is still actively investigated, although they are thought to be involved in the control of numerous cellular functions, such as transmembrane K þ movements, protein secretion, muscle/neuronal excitability, and cytoprotection [7-12, 14, 16] .
K ATP channels are hetero-octameric complexes consisting of four pore-forming subunits (inwardly rectifying potassium channel, subfamily J; Kir6.x) and four regulatory sulfonylurea receptor subunits (ATP-binding cassette protein, subfamily C; SURx) [13, 14] . Electrophysiological studies have suggested that, based on their kinetics and pharmacological properties, distinct types of K ATP channels can be detected in various tissues [7] [8] [9] [10] [11] [12] [13] [14] [15] . These different types of K ATP channels appear to result from cell-specific expression and the combination of different subunits [13] [14] [15] 17] . Indeed, two Kir6.x (Kir6.1, also known as KCNJ8, and Kir6.2, also known as KCNJ11) and two SURx (SUR1, also known as ABCC8, and SUR2, also known as ABCC9) subunits have been identified, and their various combinations can give rise to functional K ATP channel subtypes [13-15, 17, 18] . K ATP channels and their subunits have been poorly characterized in the reproductive tract. Recent observations, however, reported the presence of Kir6.1 (KCNJ8), Kir6.2 (KCNJ11), SUR1 (ABCC8), and SUR2 (ABCC9) subunits in mouse spermatogenic cells and mature spermatozoa [19] . It has been suggested that such K ATP channels could be involved in membrane hyperpolarization accompanying sperm capacitation [19, 20] . K ATP channels have also been described in Sertoli cells of seminiferous tubules from prepubertal rats [21, 22] . In these cells, the K ATP channels appear to mediate, at least in part, the nongenomic testosterone action [21, 22] .
Considering the lack of information about K ATP channels in the male reproductive tract and the crucial interactions between spermatozoa and the epididymal environment, we decided to characterize, by combining different technical approaches, the putative presence of K ATP channels in the epididymis from various mammalian species. This first localization step is essential for further investigations aimed at determining the potential involvement of K ATP channels in epididymal protein secretion and/or fluid-electrolyte transport.
MATERIALS AND METHODS

Animals
Adult (3-to 4-mo-old) and prepubertal (3-wk-old) Wistar rats as well as adult (5-to 6-mo-old) and prepubertal (10-to 13-day-old) C57BL/6J mice were purchased from Charles River Laboratories and used for epididymis and control tissue sampling. They were housed in a climate-controlled room with a 12L:12D photoperiod schedule in the animal care facility. Animals were fed standard rodent chow and water ad libitum. Canine and feline specimens (6-to 24-mo-old animals) were obtained following elective neutering by general practice veterinary surgeons. Bovine epididymis specimens (20-to 24-mo-old animals) were obtained from the local slaughterhouse. All experiments were conducted in duplicates or triplicates on specimens from at least three different animals. The protocol, approved by the Ethical and Animal Welfare Committee of the Université Libre de Bruxelles, was followed in all experimental procedures.
Tissue Preparation for Immunohistochemistry
Rats and mice were killed by CO 2 inhalation, and tissues were collected without delay. Epididymis, pancreas, and portal vein were dissected free and fixed for 24 h at room temperature in formalin 10% (v/v) diluted in PBS (NaCl 145 mM, NaH 2 PO 4 /Na 2 HPO 4 10 mM, pH 7.2). After automated dehydration (Leica Microsystems), tissues were embedded in paraffin. Sections (5 lm) were cut with a conventional microtome (Reichert-Jung) and placed onto Superfrost slides (International Medical Products). Canine and feline epididymal specimens were dissected free and fixed for 24 h at room temperature in formalin 10% immediately after castration surgery. Bovine epididymis was dissected from animals at the slaughterhouse immediately after killing and was fixed for 24 h at room temperature in formalin 10%. All specimens were further processed as described above.
Human epididymal tissue sections (four different individuals) originated from the Institut de Pathologie et de Génétique (Loverval, Belgium). All biopsies were obtained after informal consent from the patient and approval from the Ethics Committee of the Institut de Pathologie et de Génétique.
In additional experiments, rat and mouse epididymis, pancreas, portal vein, and heart samples dissected immediately after killing were frozen in methylbutane (99%; Alfa Aesar) at À808C. Sections (10 lm) were cut from frozen tissues using a cryostat (Leica Microsystems) set at À208C. The sections were set on Superfrost slides and postfixed with 4% (w/v) paraformaldehyde (Sigma-Aldrich) in PBS for 10 min.
Immunohistochemistry Avidin-Biotin-PeroxidaseDiaminobenzidine
Immunodetection followed the standard avidin-biotin-peroxidase-diaminobenzidine (ABC-DAB) technique originally described by Hsu et al. [23] and adapted by Vector Laboratories. Nonspecific background staining was blocked with normal serum, and nonspecific staining related to endogenous biotin was blocked by an avidin-biotin blocking kit (Vector Laboratories).
When appropriate, antigen retrieval was added to the procedure.
The slides were incubated overnight at 48C with the first antibody. AntiKir6.2 (KCNJ11) and anti-Kir6.1 (KCNJ8; APC-020 and APC-105; Alomone Labs) are rabbit polyclonal, affinity-purified antibodies raised, respectively, against sequence 372-385 of rat Kir6.2 (KCNJ11) and sequence 382-396 of rat Kir6.1 (KCNJ8). Anti-SUR2 (ABCC9) and anti-SUR1 (ABCC8; sc-5793 and sc-5789, Santa Cruz Biotechnology) are goat polyclonal, affinity-purified antibodies raised, respectively, against the carboxy terminus of human SUR2 (ABCC9) and SUR1 (ABCC8). Primary antibodies were used at dilutions ranging from 1:100 to 1:1000 in PBS, with appropriate blocking serum at a dilution of 1:20. Nonimmune serum or preadsorbed antibodies (for anti-Kir6. 2 [KCNJ11] and anti-Kir6.1 [KCNJ8]) were used as negative controls.
The slides were further incubated with the secondary biotinylated antibody for 1 h at room temperature. Biotinylated, affinity-purified anti-rabbit immunoglobulin G (IgG; HþL) and anti-goat IgG (HþL; Vector Laboratories) were applied at a dilution of 1:200 in PBS. Slides were counterstained with Toluidin Blue (Fluka). The staining pattern was ascertained with an Axioplan and recorded with an Axiocam (Carl Zeiss).
Immunofluorescence
Rehydrated paraffin sections and cryosections were blocked for nonspecific reactions with normal horse serum (Vector Laboratories). When appropriate, antigen retrieval was added to the procedure.
Sulfonylurea receptor immunodetection was rather challenging. SUR2 (ABCC9) immunodetection required amplification techniques with avidinfluorophore. When fluorescent avidin was used for revelation of the second antibody, nonspecific staining related to endogenous biotin was first blocked by an avidin-biotin blocking kit (Vector Laboratories), and the slides were further incubated with the primary antibodies overnight at 48C. Double and single labelings were performed with anti-Kir6.2 (KCNJ11) and anti-SUR2 (ABCC9) at a concentration of 1:100 in PBS/normal horse serum 1:20. Single labelings with anti-Kir6.1 (KCNJ8) or anti-SUR1 (ABCC8) were performed at a dilution ranging from 1:10 to 1:100. Purified IgGs (SigmaAldrich) from nonimmunized rabbit and goat were used as negative controls.
The secondary antibodies were applied for 30 min at room temperature. Additional experiments included the labeling of principal cells of the epididymal epithelium for aquaporin 9 (AQP9). Anti-aquaporin 9, a rabbit, affinity-purified, polyclonal antibody raised against an 18-amino acid synthetic peptide within the C-terminal domain of rat aquaporin 9, was purchased from Chemicon (AB3079; Chemicon). It was used at a dilution of 1:100 in PBS/ normal goat serum 1:20 (blocking serum). Secondary detection was obtained by incubation with biotinylated, affinity-purified, goat anti-rabbit IgG (HþL; Vector Laboratories) at a dilution of 1:300, and subsequent incubation with Texas Red-Avidin D at 1:100. The aquaporin 9 staining was followed by a Kir6.2 (KCNJ11) staining (1:100) revealed with FITC-conjugated donkey antirabbit IgG (HþL) at a dilution of 1:200 in PBS.
Lastly, staining of the Golgi apparatus in the epididymal epithelium was performed and compared to the Kir6.2 (KCNJ11)/SUR2 (ABCC9) double staining. For this purpose, we used an anti-Golgi 58K mouse monoclonal antibody (G-2404; Sigma-Aldrich) at a dilution of 1:100 in PBS/normal goat serum 1:20. Secondary detection was realized with biotinylated, affinitypurified, goat anti-mouse IgG (HþL; Vector Laboratories) at a dilution of 1:100 followed by incubation with Texas Red-Avidin D at 1:100.
Western Blot Analysis
Rat epididymis, pancreas, and heart were dissected free, flash frozen in liquid N 2 , and stored at À808C.
Tissue total protein extracts were prepared by lysis of the tissue on ice using the ReadyPrep Protein Extraction Kit (Bio-Rad Laboratories). Proteases were inhibited by a protease inhibitor cocktail (Complete Mini; Roche Applied Science). Crude membrane extracts were prepared from epididymis and heart 254 samples. The tissues were homogenized in Tris-HCl (50 mM, pH 7.4) containing the protease inhibitor cocktail. The samples were then centrifuged at 1250 3 g for 10 min at 48C. The supernatant was collected and centrifuged again at 25 000 3 g for 20 min at 48C. The supernatant was collected and resuspended in Tris-HCl (50 mM, pH 7.4). Protein concentration in the total protein or crude membrane extracts was measured with the Bio-Rad Protein Assay kit (Bio-Rad Laboratories).
For SDS-PAGE electrophoresis, the protein extracts (v) were mixed with 20% v of loading buffer (Tris-HCl 60 mM, pH 6.8; SDS 2%; glycerol 10%; bromophenol blue 0.01%; dithiothreitol 100 mM) and boiled for 5 min. The proteins were separated on a 12% polyacrylamide gel and transferred to a polyvinylidene fluoride membrane (Immun-Blot PVDF membrane; Bio-Rad Laboratories) together with standard weight markers (Unstained Precision Plus Protein Standards; Bio-Rad Laboratories). Membranes were blocked for 1 h in TBS (Tris 20 mM, NaCl 500 mM, pH 7.5) supplemented with 3% bovine serum albumin (w/v; Sigma-Aldrich) and 0.1% Tween 20 (v/v; Bio-Rad Laboratories) before overnight incubation at 48C with anti-Kir6. 
Reverse Transcriptase-Polymerase Chain Reaction
Epididymides, liver, and heart from adult and prepubertal mice were dissected free, flash frozen in liquid N 2 , and ground to a powder using ceramic pestle and mortar. Total RNA was extracted with guanidium thiocyanate (RNAqueous-4PCR; Ambion), including a DNase treatment. RNA concentration was measured by the absorbance at 260 nm. RNA purity was assessed by the observed ratio A260:A280. First-strand cDNA was synthetized from 700 ng total RNA using the Transcriptor First Strand cDNA Synthesis Kit and Oligo(dT) (Roche Applied Science). For RT-PCR analysis of Kir6.2 (KCNJ11) expression, the forward and reverse primers were 5 0 -ATC CTC ATT CTC ATT GTG CAG-3 0 and 5 0 -CCC ATA GAA TCT CGT CAG CTA G-3 0 . Forward and reverse primers for SUR2 (ABCC9) expression were 5 0 -CAT GCC TGT TCA GAT CAT AAT G-3 0 and 5 0 -AAC ACT GAT GAT GGC TTT GAC T-3 0 . Mouse actin was selected as a housekeeping gene for all internal positive controls. DNA amplification was carried out with Taq DNA polymerase (Roche Applied Science) in a T3 Thermocycler (Biometra, Westburg, Belgium). The cycling parameters consisted of one cycle at 948C for 4 min, then 30 cycles (948C for 20 sec, 558C for 20 sec, 728C for 30 sec), followed by a single 8-min cycle at 728C for final extension. Reverse transcriptase-PCR products were separated on a 2.2% agarose gel, and 100-to 4000-bp DNA markers were used as standards to determine the molecular size of the RT-PCR products (Flash DNA Cassette and Flash Gel DNA Markers; Cambrex).
RESULTS
Immunolocalization of ATP-Sensitive K þ Channel Subunits in Rodent Epididymis
Indirect immunodetection using the ABC-DAB technique revealed a strong positive staining for Kir6.2 (KCNJ11) in the epithelium of the rat (Fig. 1A) and mouse (Fig. 1C) epididymis. Incidentally, in both species, spermatozoa in the lumen of the tube were also positive for Kir6.2 (KCNJ11; Fig. 1 , A and C, arrows). This staining was absent in control experiments, where the Kir6.2 (KCNJ11) antibody was preadsorbed or replaced by purified rabbit immunoglobulins (See Supplemental Fig. 1 , A and C, available online at www.biolreprod.org). Controls using rat and mouse pancreas labeled the islet cells, confirming the validity of our anti-Kir6.2 (KCNJ11) antibody (See Supplemental Fig. 2, A and C) .
A marked staining was also observed for SUR2 (ABCC9) in epididymal epithelial cells and spermatozoa from rat and mouse (Fig. 1, B and D, arrows) . This staining was absent when the SUR2 (ABCC9) antibody was substituted with nonimmune serum (See Supplemental Fig. 1, B and D) . In pancreas sections, blood vessels were labeled (See Supplemental Fig. 2, B and D) .
The ABC-DAB staining for Kir6.2 (KCNJ11) and SUR2 (ABCC9) was confirmed by indirect immunofluorescence conducted on both rat and mouse epididymides. The staining patterns were similar in paraffin sections and cryosections.
In the rat epididymis, the Kir6.2 (KCNJ11) staining was present in epithelial cells, with a similar intensity in the successive regions (initial segment, caput, corpus, and cauda; Fig. 2, A, C , E, and G). In the mouse epididymis, the Kir6.2 (KCNJ11) staining detected in epithelial cells appeared less intense in the initial segment compared with the other segments (data not shown).
Epithelial cells of the rat epididymis were also positive for SUR2 (ABCC9), although regional differences in intensity of staining could be observed (Fig. 2, B, D, F, and H ). An identical pattern was observed for SUR2 (ABCC9) labeling in mouse epididymal epithelial cells (data not shown).
Labeling with anti-Kir6.2 (KCNJ11) and anti-SUR2 (ABCC9) antibodies indicated that both K ATP subunits are localized in the same epithelial cells, likely the principal cells, from adult rat epididymis (Fig. 2) . A similar pattern was observed on epididymal sections from adult mouse and prepubertal animals (rat and mouse; data not shown). Except in prepubertal animals, the immunofluorescence approach led us to detect again a positive staining both for Kir6.2 (KCNJ11) and SUR2 (ABCC9) on the spermatozoa present in the lumen of the epididymal tube (Fig. 2, C and D, arrows) .
Close examination further indicated that the Kir6.2 (KCNJ11) labeling exhibited a ''granulous'' distribution in the cytoplasm, with a more intense supranuclear whorl staining pattern. In the rat epididymal epithelial cells, this pattern was constant throughout the successive regions (Fig. 2, A-D) . In the mouse epididymis, a similar pattern was observed in all regions except in the initial segment (data not shown).
The supranuclear whorl pattern was also observed for SUR2 (ABCC9) but, in the latter case, appeared rather region specific. In the rat epididymis, the SUR2 (ABCC9) whorl pattern was particularly marked in the caput (Fig. 2D) , whereas in the mouse epididymis, this whorl pattern was most intense in the corpus region (data not shown). The SUR2 (ABCC9) staining 
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in the other segments was preferentially cytoplasmic (Fig. 2, B , F, and H).
Such a whorllike pattern above the nucleus of principal cells coincides with the previously described distribution of the Golgi apparatus in epididymal cells [24, 25] . Hence, to ascertain the localization of the Kir6.2 (KCNJ11)/SUR2 (ABCC9) whorl pattern, we labeled the Golgi apparatus of the epididymal epithelial cells. Labeling of epididymal sections with an anti-Golgi monoclonal antibody disclosed a supranuclear whorl pattern similar to the intense whorl pattern observed for Kir6.2 (KCNJ11) and SUR2 (ABCC9; Fig. 3 , A-C).
The present findings also suggest that the Kir6.2 (KCNJ11) and SUR2 (ABCC9) staining appears to be localized in the principal cells of the epididymal epithelium. In order to ascertain the epithelial cell type, we performed a double labeling of Kir6.2 (KCNJ11) and aquaporin 9. Aquaporin 9 has been previously shown to be specifically expressed in the principal cells of the epididymis [26] . The staining observed with anti-AQP9 was localized at the apical aspect and at the microvilli of a subset of epididymal epithelial cells (Fig. 4A) . Figure 4B and overlay images (Fig. 4C) clearly indicate that Kir6.2 (KCNJ11) and AQP9 are localized in the same epithelial cell subtype considered to be the epididymal principal cells.
In additional experiments, rat epididymal tissue sections were incubated with either anti-Kir6.1 (KCNJ8) or anti-SUR1 (ABCC8) antibody. Kir6.1 (KCNJ8) was neither detected in the successive regions of the epididymis (initial segment, caput, corpus, and cauda) nor in rat portal vein section used as positive control (data not shown). Immunofluorescent detection of Kir6.1 (KCNJ8) was therefore reevaluated on cryosections from rat epididymis. No difference could be evidenced between Kir6.1 (KCNJ8) staining and control experiments into which the Kir6.1 (KCNJ8) antibody was preadsorbed on the immunizing peptide (See Supplemental Fig. 3, A and B) . By contrast, positive control experiments indicated a marked Kir6.1 (KCNJ8) staining on cryosections from rat portal vein (See Supplemental Fig. 3C) . Again, such a staining was absent when Kir6.1 (KCNJ8) antibody was preadsorbed on the immunizing peptide (See Supplemental Fig. 3D ).
SUR1 (ABCC8) staining was also absent in epididymis specimens, although control experiments performed on pancreas sections indicated a positive staining for the cells at the periphery of the pancreatic islets (See Supplemental Fig. 4) . SUR1 (ABCC8) detection was further performed on cryosections from rat epididymis and rat pancreas. No positive staining could be detected on epididymal sections (data not shown), whereas cells located at the periphery of the pancreatic islets stained positively (data not shown). The SUR1 (ABCC8) labeling in pancreatic sections was reevaluated after antigen retrieval. This resulted in an increase in the background staining without any modification of the SUR1 (ABCC8) labeling (data not shown).
Kir6.2 (KCNJ11) and SUR2 (ABCC9) Protein Expression in Rat Epididymis
Kir6.2 (KCNJ11) and SUR2 (ABCC9) immunolocalization in rat epididymis was confirmed by Western blot analysis performed on epididymis samples from adult and prepubertal rats (to exclude a possible spermatozoa contribution). In both groups, the immunoblot revealed similar bands.
Immunoblotting for Kir6.2 (KCNJ11) on both membrane and total protein extracts revealed two bands at molecular (Fig. 5A, right) . A further band was present at a molecular mass below 25 kDa (Fig. 5A, right) . In control rat pancreatic tissue, a single band was present (Fig.  5A, right) . In control rat heart tissue, a single band around 37 kDa was detected (data not shown). When the Kir6.2 (KCNJ11) antibody was incubated with the immunizing peptide, no band could be detected (Fig. 5A, left) .
Western blot analysis was further conducted on stripped and reprobed membranes in order to detect SUR2 (ABCC9) protein expression. A main band at a molecular mass around 150 kDa was observed in total protein extracts from adult rat epididymides (Fig. 5B, right) . Additional faint bands were also detected. The bands were not observed when the SUR2 (ABCC9) antibody was preincubated with the immunizing peptide (Fig. 5B, left) .
Kir6.2 (KCNJ11) and SUR2 (ABCC9) mRNA Expression in Mouse Epididymis
We further assessed by RT-PCR the presence of Kir6.2 (KCNJ11)/ SUR2 (ABCC9) subunits mRNA in mouse epididymal RNA extracts. Sequence-specific primer sets amplifying fragments of 499 bp were designed for the detection of Kir6.2 (KCNJ11) and SUR2 (ABCC9) mRNA.
As illustrated in Figure 6 , single bands at the expected molecular mass documented the presence of Kir6.2 (KCNJ11; Fig. 6 , F-H) and SUR2 (ABCC9; Fig. 6 , K-M) mRNA in RNA extracted from adult and prepubertal mouse epididymides.
Liver and heart were selected as control tissues. Kir6.2 (KCNJ11) mRNA could be detected in heart (Fig. 6J) but not in liver (Fig. 6I) extracts, whereas SUR2 (ABCC9) mRNA was present in both liver (Fig. 6N) and heart (Fig. 6O) samples. Detection of actin mRNA in the different tissue samples validated the PCR reaction (Fig. 6, A-E) . Moreover, the absence of amplification when reverse transcriptase was omitted confirmed the absence of genomic DNA contamination (Fig. 6, a-o) .
Kir6.2 (KCNJ11) and SUR2 (ABCC9) Immunolocalization in Epididymis from Several Mammalian Species
Immunodetection of Kir6.2 (KCNJ11) and SUR2 (ABCC9) by the ABC-DAB technique indicated the presence of both K ATP channel subunits in the epithelium of canine, feline, bovine, and human epididymides (See Supplemental Fig. 5 ).
These observations were confirmed by indirect immunofluorescence. Figure 7A indicates a strong Kir6.2 (KCNJ11) staining together with a SUR2 (ABCC9) labeling in epithelial cells from dog epididymis. Kir6.2 (KCNJ11) and SUR2 (ABCC9) also colocalized in feline and bovine specimens, giving an intense staining of the epididymal epithelial cells (Fig. 7, B and C) . This colocalization was again clearly visible in epithelial cells from human epididymis (Fig. 7D) .
Close examination of the canine, feline, bovine, and human specimens systematically indicated the presence of Kir6.2 (KCNJ11) and SUR2 (ABCC9) staining on spermatozoa present in the lumen of the tubes (See Supplemental Fig. 5) .
Negative controls conducted with purified rabbit or goat IgGs replacing anti-Kir6.2 (KCNJ11) or anti-SUR2 (ABCC9) antibodies, only revealed a faint background staining (See Supplemental Fig. 6, A-D) .
DISCUSSION
The present work reveals the presence of K ATP channel subunits in mammalian epididymis. Kir6.2 (KCNJ11) and SUR2 (ABCC9) subunits were detected in adult and prepubertal rodent epididymis, both with the ABC-DAB and the immunofluorescent techniques. The staining for Kir6.2 (KCNJ11) and SUR2 (ABCC9) was observed throughout the successive anatomical segments of the rat and mouse epididymis. The intensity of the SUR2 (ABCC9) labeling was, however, relatively region specific. Kir6.2 (KCNJ11) and SUR2 (ABCC9) staining appeared to be localized in the principal cells of the epididymis. Double labeling with aquaporin 9 and Kir6.2 (KCNJ11) confirmed the colocalization 
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of Kir6.2 (KCNJ11) and SUR2 (ABCC9) in this subset of epididymal epithelial cells. Such a colocalization was also observed in the epididymal epithelium from prepubertal rats. Interestingly, besides a cytoplasmic labeling, an intense whorllike pattern was observed for Kir6.2 (KCNJ11) and SUR2 (ABCC9) above the nucleus of the principal cells. This localization coincided with the previously described distribution of the Golgi apparatus in epididymal cells [24, 25] . Such a finding was confirmed by indirect immunofluorescent labeling of the Golgi apparatus with an anti-Golgi antibody. A subcellular location of Kir6.2 (KCNJ11) in the Golgi apparatus has been previously described in rat brain neurons, glial cells, and pancreatic insulin-secreting cells [27, 28] . Kir6.2 (KCNJ11) and SUR2 (ABCC9) subunits were also detected in epididymal epithelium from nonrodent mammalian species. Indeed, immunohistochemistry revealed a colocalization of Kir6.2 (KCNJ11) and SUR2 (ABCC9) subunits in canine, feline, bovine, and human epididymis.
Neither Kir6.1 (KCNJ8) nor SUR1 (ABCC8) expression could be detected in rat and mouse epididymis.
Western blot analysis confirmed the presence of Kir6.2 (KCNJ11) and SUR2 (ABCC9) subunits in the rat epididymis. Immunoblotting for Kir6.2 (KCNJ11) expression revealed two main bands. One band around 37 kDa and another near 50 kDa were detected in total protein as well as crude membrane extracts. Those bands have been observed and described previously for the Kir6.2 (KCNJ11) subunit [29] [30] [31] . The additional band observed below 25 kDa presumably results from a partial degradation of Kir6.2 (KCNJ11), as previously reported [30] . In control rat pancreas and heart extracts, a band around 37 kDa was detected, as described by others [29] . SUR2 (ABCC9) protein detection performed on stripped and reprobed membranes revealed a main band around 150 kDa, at the expected molecular mass [29, 31] . As reported by others, the faint additional bands might result from posttranslational modifications or from susceptibility of SUR proteins to proteolysis [32] .
Reverse transcriptase-PCR analysis further ascertained the presence of Kir6.2 (KCNJ11)/SUR2 (ABCC9) in rodent epididymis. Kir6.2 (KCNJ11) mRNA was detected in epididymal RNA extracts from adult and prepubertal mice, in mouse heart but not in mouse liver extract. This Kir isoform has not been described so far in the liver, but is known to be present in mouse cardiomyocytes [33] . SUR2 (ABCC9) mRNA was documented in RNA extracts from adult and prepubertal mouse epididymides, as well as in mouse liver and heart extracts. These findings attest to the presence of SUR2 (ABCC9) mRNA in epididymal tissue and are consistent with previous evidences of SUR2 (ABCC9) expression in vascular smooth muscle and cardiomyocytes [17, 33, 34] .
The present study also indicates that spermatozoa present in the lumen of the epididymal tubes stain positively for Kir6.2 (KCNJ11) and SUR2 (ABCC9). These results corroborate recent findings indicating the presence of K ATP channel subunits on mouse spermatogenic cells and spermatozoa [19] and extend such observations to canine, feline, bovine, and human spermatozoa.
Our observations indicating the presence of Kir6.2 (KCNJ11) and SUR2 (ABCC9) subunits in the epididymal epithelium of different mammalian species suggest that the epididymal epithelium might be supplied with functional ATPsensitive potassium channels. The presence and colocalization of Kir6.2 (KCNJ11) and SUR2 (ABCC9) channel subunits in the principal cells support this hypothesis, since both subunits need to be coassembled to produce functional K ATP channels [13, 15, 35] . Moreover, when both subunits are coassembled, the hetero-octameric complex can translocate from the endoplasmic reticulum to the Golgi apparatus, where the proteins are posttranslationally modified [34] . Thus, the subcellular localization of Kir6.2 (KCNJ11) and SUR2 (ABCC9) in the Golgi apparatus further suggests a cellular traffic leading to the formation of functional K ATP channels in the epididymal epithelium. Finally, the observation that Kir6.2 (KCNJ11) and SUR2 (ABCC9) proteins are conserved in the epididymal epithelium among species belonging to widely different mammalian orders strongly implies an important physiological role for K ATP channels in the epididymis. 
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Although additional studies are needed to fully characterize the physiological role of K ATP channels in the male reproductive tract, the present body of evidence supports the hypothesis that such channels could play some function in the sequence of events occurring along the epididymal tube. These potassium channels are indeed known to couple the cell energy status to the cell membrane potential and to be involved in many cellular processes, such as electrolyte transport, signal transduction, and/or the control of secretory events [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . It is therefore tempting to speculate that this type of K þ channels could be involved in protein secretion and fluid-electrolyte transport occurring along the epididymal epithelium [1, 36, 37] . This proposal is consistent with the knowledge that fluid and ion transport as well as merocrine secretion occur in principal cells of the epididymis [38, 39] . A further argument in support of this view can be found in the recent demonstration of the presence of K ATP channels on secretory granules and Golgi apparatus of endocrine and exocrine secretory cells [40] [41] [42] . A similar Golgi localization of K ATP channels in the principal epididymal cells has been observed in the present study.
We might also consider a putative role for K ATP channels in the epididymal response to testosterone [21, 22] . Indeed, numerous epididymal functions, such as the synthesis and secretion of proteins from epididymal principal cells, have been reported to be under the influence of androgens [43] . Recent data also suggested that the ''nongenomic'' effect of testosterone on Sertoli cells could be mediated by the modulation of K ATP channels [21, 22] . These observations and the present localization of K ATP channel subunits on principal cells of the epididymal epithelium prompt the idea that testosterone could have a similar effect on epididymal cells.
In conclusion, the present work provides the first evidence for K ATP channel subunit expression in the epididymis from different mammalian species. The detected Kir6.2 (KCNJ11) and SUR2 (ABCC9) subunits appear to be colocalized in the principal cells of the epididymal epithelium. In addition, our data confirm the presence of K ATP channels in rodent spermatozoa and extend such findings to canine, feline, bovine, and human spermatozoa. All these observations give a sound morphological basis for further physiological studies on the role of K ATP channels in epididymal function and spermatozoa maturation.
